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GLOSSARY

IoT (Internet of Things) – It is defined as a network of devices or living beings with unique
identifiers that exchange data using the internet as a protocol (Rouse, 2016).
GSM (Global System for Mobile communication) – It is a mobile based protocol that digitizes
and compresses data and transports it between the user and the end product (Rouse, 2007).
X10 – It is a protocol that uses the power lines of a house to transfer digital signals in the form of
power bursts (Bele, Dandhare, Nandanwar, 2016).
Wi-Fi - A protocol used to certify the interoperability of wireless computer networking
devices (Merriam-Webster's collegiate dictionary, 1999).
Z-Wave - A protocol that the devices use to communicate with each other. The medium used is
radio frequency. (Gill, Yang, Yao, & Lu, 2009).
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ABSTRACT

Author: Settipalle, Pranavi. MS
Institution: Purdue University
Degree Received: May 2018
Title: User Adoption Of Home Automation Technology
Committee Chair: Luciana Debs

Technological advancements are redefining what is possible every day. There are various
products in the market that have the potential to improve the quality of living when understood
and used right. Yet a lot of people resist changes in their digital usage. The first cell phone was
released in the same decade as home automation was proposed. The reason for the cell phone’s
success and home automation’s failure is user adoption. The initial cell phones were
underdeveloped and had their problems, but wide acceptance allowed for research to develop
them into what we use today, and that has changed our lifestyles forever. The adoption started
with iconic figures starting a trend of using mobile phones. This led to their followers eventually
adopting the idea as the fashionable choice. Central to the success of the cell phone—one of the
most revolutionary inventions in human history—was the consumers’ attitude toward it. The
purpose of this thesis is to understand consumer attitudes toward technology and in this case,
home automation technology in particular. This will be done using a qualitative case study
method to understand a user’s experience with the technology. The study will be on two different
sets of subjects, one set being the subjects living in an automated home and the other set the
subjects visiting the home. This study is designed to understand the change or lack of change in
the attitude of the consumer toward the technology after using it and to share users’ experiences
in order to determine the pros and cons of this technology.
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INTRODUCTION

As common sense suggests, and history corroborates, humankind has always moved toward
making life smarter and easier (Zeng, Fapojuwo, & Davies, 2006). This allows more time for
things that people want to do by eliminating mechanical everyday activities (Pickett, 2015).
From the invention of the printing press to the modern-day new inventions that change every day,
technology has changed consumer behavior. The curve of invention has increased exponentially
(Khasawneh, 2015).
However, not every invention is successfully adopted or dictates a behavior change. The
span between inventions, starting with the printing press and the telescope, has changed from
thousands of years to days, and with the current pace of invention, there is not enough time
between releases for each new product in the market to be accepted (Stock & Schulz, 2015). The
foundation of this study is based on the observation that home automation technology has been
around for decades, but little research has been done on its use in houses (Harper, 2003; Zeng et
al., 2006). Human minds are not accustomed to fast-paced change because in history, there was
never a time like today, when all inventions are becoming obsolete and replaced in such a short
period of time (Stock & Schulz, 2015).
One in three Americans is a technophobe; there is much research done in this area
(Khasawneh, 2015). These people are afraid of technology for multiple reasons such as security
or believe that technology is inherently bad. Hence, they use only products that are necessary for
their everyday lives and use them sparingly.
Every once in a while, there is an invention that makes such a huge impact that life before it
seems like the distant past (Zeng et al., 2006). There have been brilliant inventions in the past
that could not contribute to the betterment of humankind for the simple reason that they were not
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widely adopted (Pickett, 2015). One of the recent advancements in technology is the Internet of
Things (IoT).
There has been much resistance towards adoption of home automation technology; although
it has existed for three decades, people in general have only started hearing about it in the past
five to ten years, let alone adopting it (Pickett, 2015). This thesis deals with how people view
home automation technology, its impact on user lifestyle, and people’s reasons and patterns for
its adoption. It sets a base for future research to look into solving the major problems detected
and understanding the user better (Pickett, 2015).

1.1

Scope

The scope of this project involves a qualitative case study analysis of the user experience
with home automation technology. The analysis will be based on a case study where the subjects
will either visit or live in an automated environment, and the outcome will entail a derivative
understanding of the technology based on user experiences and qualms. The participants are
divided into temporary and permanent, where the temporary sample will be chosen to represent a
diverse population. The derivatives may serve multiple purposes that will be discussed later.

1.2

Significance

The findings of this study will explain in detail the ways, both good and bad, in which
home automation technology impacts daily living.
1.2.1

Contribution to Business Practice
There is potential in new technology inventions to be profitable to the stakeholders

(Khasawneh, 2015). The findings from the present thesis could help these stakeholders
understand the services needed to enable smooth adoption by users. A good example of this
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could be that the literature review speaks of technical knowledge and high initial cost that hinder
the common person from adopting the home automation technology according to the previous
studies (Brush et al., 2011). According to the website Crunchbase, there has been a rise in the
number of home automation service providing companies in 2016 and 2017 that offers an
installment payment option and also takes care of the installation and maintenance (Crunchbase,
2018).
1.2.2

Implications in Marketing Strategy
Home automation technology is mostly sold online. Some popular retail chains that have

these devices showcased are Best Buy, Walmart, Bed Bath & Beyond, and Target. These stores
have a limited variety of products, and they do not display them working for a customer that
walks in. A portion of this study is designed such that after the participants see the working of
the equipment and explore it, then the questionnaire will assess whether the demonstration
influenced their opinion. The marketing strategies could be adapted based on the response to a
new technology, especially after a product demonstration. Real-life experience of the product
may make consumers more inclined to consider it (Rogers, 2003).
1.2.3

Product Manufacturers
This thesis observes the pros and cons of home automation equipment from the user’s

perspective. The present study could be one of many studies that will suggest potential
adjustments that could be made to the whole system. An example of such an adjustment would
be Amazon’s new voice assistant with the hub. After understanding the expense of a hub and the
user reluctance to buy it as an independent product, Amazon integrated the hub with its existing
voice assistant to make the set affordable and efficient. This thesis concentrates primarily on a
particular group, which is people ages 18–30 from a college setting, and analyzes the integration

4
of several different products while looking at an entire system of home automation rather than
individual products.

1.3

Research Question

What is the user attitude towards adopting the current home automation technology?
Sub questions:
•

Is the overall user experience positive or negative?

•

Does the user think the products are worth it?

•

What are the barriers that are hindering the user from adopting this technology, if so?

1.3.1

Justification
Despite being available for multiple decades, home automation has not been widely

adopted (Brush et al., 2011). Home automation has the potential to contribute to solving
problems with safety, security, and comfort. It also increases access and contributes to energy
conservation (Attewell, 1992; Bell & Kaye, 2002). On the other hand, one of the major reasons
for people not adopting this technology is fears for safety and security, in addition to reluctance
about owning the technology and its accompanying responsibility in terms of operation and
maintenance (Gao & Bai 2014). The reason for its stagnated growth through the years is because
of the generic consumer not adopting the technology, which does not promote the growth of the
industry (Brush et al., 2011).
Appliances like lightbulbs, blinds, kettles and other smart objects are capable of being
interconnected and remotely operated (Khasawneh, 2015). If appliance data could be received
and analyzed to generate important suggestions, this could be a solution to the huge
sustainability issue (Gao & Bai 2014). A lot of energy wastage can be avoided with the use of
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automation (Aricent, 2011). At the same time, uploading this information to the cloud makes it
less secure, and hence the information is available for anybody to use as they please.
Insight into the mind of the generic consumer to determine whether their fears are
assumptions or reality is necessary to better promote the technology and solve prevailing issues
(Gill, Yang, Yao, & Lu, 2009). The smart home industry is conducting big research to
understand the consumer adoption patterns across the globe to understand demand, this thesis is
dealing with a small portion of the population to understand the experience in depth (2015, Dec
07). Naturally, the focus of this study is to understand the experiences of a generic consumer
with home automation technology.

1.4

Assumptions

This qualitative case study depends on the experiences of the users. According to Teddlie and
Tashakkori “Qualitative research is based on the philosophical assumption that reality is socially
constructed and that a problem is best comprehended by using literature and a conceptual
framework developed to study the situation” (Teddlie & Tashakkori, 2012). The following are
the assumptions made for this study.
1) The first assumption is that the design of the case study encapsulates the user definition of
home automation, meaning that the house used in the experiment would be representative of
home automation technology according to most users of the targeted group.
2) The second assumption is that the participants’ views and feelings are based solely on this
case study and not influenced by any previous experiences they might have had with the
technology.
3) The third assumption is that the temporary set of participants covers a range of people who
are assumed to be representative of the general user.
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1.5

Limitations

1) The permanent set of participants of the study is a convenience sample.
2) The sample of the permanent set consists of three people from the same age group and ethnic
background. This might influence the applicability of the outcome to the general population,
but the second set will have a varied sample.
3) The observation during the experiment will be limited to the common areas of the house and
appropriate times when meaningful observation is possible during the day.
4) The duration of the experiment is limited to 30 days due to the limited trial time of the
equipment.

1.6

Delimitations

1) Both samples are limited to Purdue students.
2) The age group is limited to 18–30 years.
3) The technology is limited to voice- and app-based interface.
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LITERATURE REVIEW

2.1

Overview

Home automation refers to a combination of interconnected equipment in the house that
can be accessed remotely. It started in the 1970s. The first home automation system was released
in 1975 and was called the X10 (Quinnell, 2007). It was sparingly adopted by people who were
interested in technology and knew how to use it and by upper-class people who could afford to
pay to have it installed and maintained. It could not succeed in being widely adopted because of
a few reasons, including that the system required an expensive central computer along with the
equipment, was hard to understand and use, and could not be remotely accessed (Quinnell,
2007).
There were a few Java-based systems that came up with panel board control, which is an
interactive display fixed in the wall that the users can control, but they were impractical due to
their high cost (Gill et al., 2009). The next development came in the 2000s, when mobile phones
had just started to take off (Gill et al., 2009). This technology was called the GSM (Global
System for Mobile communication). It had the feature of being able to control the automation
equipment remotely through text messages and calls. This system took off in the security
systems department but did not succeed as a home automation interface. The reason for this was
that cell phones were not as widely adopted when this product was released, and hence
technology that depended on cell phones had even fewer consumers. GSM home automation was
an investment in luxury, whereas the security system was an investment in safety (Gill et al.,
2009). The next update of interfaces was the ones that are currently on the market. In the
literature review, I will discuss the different interfaces and types available in order to understand
the direction we may be heading. The intention is to understand the previous versions and the
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reasons for their failure in order to compare the currently available material, to determine
whether the newest products have overcome those reasons, and to see how people feel about the
existing automation technology.

2.2

Consumer Attitude Toward Technology

The domestic lifestyle of people a few decades ago was composed of household activities
that demanded constant work from the resident (Bell & Kaye, 2002). Bell and Kaye in their
paper “Designing Technology for Domestic Spaces” emphasize the transition of people’s
thinking about their work schedules and priorities (2002). They also touch upon the elements of
domestic living that have been developed, such as kitchen appliances and the TV, to contribute
towards their changing habits as time passes (Bell & Kaye, 2002). The paper emphasizes the
necessity for the house to become more and more efficient with the invention of technology in
order to improve quality of life and adapt to the changing professions of women (Bell & Kaye,
2002).
A paper by Leila Takayama called “Making Technology Homey” talks about the contrast
that technology brings to a home setting in terms of being cold and industrial or warm and
inviting (2012). The paper explores homes of existing users to find the need for technology in a
domestic setting (Takayama et al., 2012). The results present the good outcomes of technology,
which were peace of mind with the security system installed, satisfaction due to saving energy,
impressing visitors, and personalizing the home (Takayama et al., 2012). The negative aspects
realized were humiliation when the equipment didn’t work in front of others, anxiety about false
alarms, and feelings of not being smart enough to use the technology (Takayama et al., 2012).
The findings reflect that participants preferred technology that kept their home and family

9
connected and gave less importance to technology that just gave them control over the home
(Takayama et al., 2012).
The paper “Designing a Home of the Future” looks into developing a home integrated with
technology where the home helps the residents live a long and happy life; reduce wastage of time
and resources; and learn, compute, and automate daily chores (Intille, 2002). Intille discusses
looking deeply into how the technology impacts human well-being (Intille, 2002). For example,
he speaks about control as contrasted with empowerment. When the technology auto-learns and
performs certain functions, it impacts humans negatively, whereas when it suggests options to
residents, it makes them feel like they are in control (Intille, 2002). Intille discusses the home as
something that is intelligent and factors everything like a human would when performing a task.
For example, the temperature of a house can be controlled using blinds, windows, and other
equipment along with the thermostat (Intille, 2002). The paper has an explanation of experiments
that were conducted in a laboratory to understand human health, efficiency, and convenience. In
these experiments, the barriers faced were measuring change in behavior, disadvantage of
artificially created context, and detecting the point at which decision is made. (Intille, 2002).
The future of the “futuristic home” relies on taking into consideration and solving all
aspects of discomfort imparted by technology to the resident. In the latter part of this chapter,
these discomforts or barriers will be identified in order to better understand the results obtained
by the present thesis experiment.
Meanwhile consumers are ready to adopt technology that they can comprehend and
operate, while others say that constant innovation causes tech-upgrade fatigue and hence they
choose to stay with the last season products as long as they are working and not gone obsolete
(Cui et al., 2009). One generation of adoption cannot be projected to understand the rate of
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adoption another because of the huge technical difference in the upgrade of technology. (Cui et
al., 2009).
According to data from Accenture, 10% of people who responded used connected
security cameras, 9% of them used smart thermostats, and 5% used smart plugs (Clark, 2016).
The same article also claimed that there has not been a significant percent increase since 2014 in
the number of people choosing to buy smart products (Clark, 2016).
A market survey was conducted on more than 4,000 Americans in 2016. Of the
respondents, 45% seemed to already own smart home technology or planned to invest in it in
2017. People who seemed too enthusiastic about smart homes were not all tech savvy. Of the
45% who said they were going to upgrade, 36% claimed that they did not consider themselves
early adopters (Clark, 2016). These conflicting views do not mean too much as time passes; the
upgrades will find a way to take over. The idea is to help it happen sooner to save time and
resources (Kientz et al., 2008).
2.2.1

Theory of Innovation Diffusion

According to Rogers’s theory, diffusion of innovation is the process of communicating an
innovation through multiple media to different social groups over time (Rogers, 2003). Rogers
divided users into five groups based on their adoption:
•

Innovators (2.5%): These people have an eye for what is coming in the future. They
appreciate the technology for its own sake and are the first ones to take a risk and try
something new (Rogers, 2003).

•

Early adopters (13.5%): These people are not far behind the innovators. They have the
tendency to be the trendsetters rather than followers. They try new things and like being
the first ones to own something new (Rogers, 2003).
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•

Early Majority (34%): These people wait out the testing period, but when there is a new
trend that might enhance their lifestyle, they incorporate it fairly soon. The majority of
people lie in this category (Rogers, 2003).

•

Late majority (34%): These are just as many as the early majority in number. They are
not comfortable with change and are reluctant to change when the current method works.
Eventually when they see enough success to the product and they have passively tried
and liked it, they adopt it (Rogers, 2003).

•

Laggards (16%): These are the people who are opposed to change. They are skeptical
about new things even when they see the products succeed all around them. They
eventually are compelled to change when their society demands it or if the previous
technology becomes obsolete (Rogers, 2003).

Figure 1 is a pictorial representation of the Rogers theory that was drawn by the researcher
on a software called AutoCAD.

Figure 1. Rogers innovation adoption curve (Draw by the researcher, adapted from Rogers, 2003).
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Rogers’s book, Diffusion of Innovations, details the mode of communication and the
different stages of its receipt and acceptance by the users. The processes of distribution and
adoption are rarely predictable (Attewell, 1992). The theory of diffusion discusses the various
stages in technological development and how they are communicated through the stages of
diffusion among the social groups (Rogers, 2003). While the people adopting an innovation are
divided into groups based on the bell curve, the innovation itself is an S-shaped curve (Rogers,
2003). The curve suggests that anything new is received with caution in the beginning, and then
it starts to take off based on people’s perception of the product and then levels off.
Different people suggested different ways of diffusion that resulted in this curve.
Griliches described the diffusion as an epidemic (Rogers, 2003). Mansfield described the
diffusion using a logistical curve, which falls in the category of the S- curve. He claimed that
once a product is introduced, only half the work is done. It requires a certain degree of adoption
at a certain pace in order for a society to realize the product’s entire benefits (Rogers, 2003).
Rogers looked at this process in different stages. The first stage is knowledge, in which
people need to be educated about the innovation, and then comes persuasion, in which the
argument is made about how and why the change can be useful or better than the existing
condition (Rogers, 2003). The knowledge and persuasion stages tie in with some of the attributes
that impact adoption, like observability and trialability (Rogers, 2003). Then comes the stage of
making a decision to implement the innovation and confirm that all that was said about the
innovation was true.
While this holds true for all innovations, some innovations’ success is based on
perception rather than the innovations themselves. As an example, vitamin C was shown many
times to improve the condition of patients with scurvy, but for a long time, people did not believe
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these results because the solution was not presented well. Even though technology might be the
solution to a problem, if it is not presented effectively, people will not adopt it. Some problem
solutions, such as technology innovations, need to be accepted in the stages of implementation in
order to get to the point of widespread usage, which will eventually advance the technology
(Rogers, 2003). Some attributes of an innovation that encourage acceptance in this stage are its
relative advantage to its existing counterpart, its compatibility with the user’s current lifestyle,
and the complexity of its usage, which refers to any additional knowledge the user will require to
be able to use this technology (Rogers, 2003).
According to Rogers, the most important part of the diffusion process are the first three
stages—knowledge, persuasion, and decision during which people are convinced to try
something out. This process of being persuaded depends on the people’s background,
surroundings, and experiences and the social strata they come from (Rogers, 2003). In addition,
some attributes of the product, such as relative advantage, compatibility, complexity, trialability
and observability, impact the decision-making of the user as well (Rogers, 2003).
Roger discusses Bass model which focuses more on the medium of communication,
including word of mouth, newspapers and social media. Bass claimed that these have a huge
impact on people’s perception of the product (Rogers, 2003).
2.2.2

Adoption of Home Automation Technology and Its Barriers
Several surveys have been conducted about home automation to understand different

factors affecting its adoption. Some of the studies are discussed below which will help us
understand the factors that the methodology will be designed around.
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A study survey conducted by Gao & Bai explored factors such as perceived ease of use,
perceived usefulness and trust. The results found that the perceived usefulness and ease of use
had an impact on their adoption and trust was not a significant factor (Gao & Bai 2014).
Hirunyawipada and Paawan conducted a survey to understand the factors that influence
adoption and their hierarchy and found that using cognitive and domain specific innovativeness
would be a successful marketing strategy while physical and financial risk have a negative
impact (2006). Xiaojun Zhang in his paper suggests that people’s response to technology and its
adoption depends upon cultural and social aspects (Zhang & Maruping, 2008).
The case study of having a family live in an experimental smart home, as described in
Inside the smart home, has some insight about features that are desirable and those that can be
worked on, with the limitation that the house setup was experimental and could not replicate a
real lifestyle at its best (Harper, 2003). Most of the remote-control ability was convenient, such
as lighting and temperature control; the residents enjoyed being able to turn lights off and lock
all the doors without having to make a trip around the house at the end of the day (Harper, 2003).
They had an issue with not having manual override, because when time was of the essence, they
found it more convenient to physically do the task quickly rather than fiddle with the interface.
They hoped that voice command would eventually settle this issue (Harper, 2003).
Having music and other media set up was initially convenient, but the residents realized
that each person who wanted something different would override something that another person
had initially set up, making it frustrating to reset every time. Perhaps multiple user options could
resolve this issue (Harper, 2003). Residents found remote control of equipment like the washing
machine, microwave, and bathtub unnecessary because these chores require some amount of
physical activity to prep them, and it would be easier to manually perform them rather than
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fiddle with a remote (Harper, 2003). However, receiving a notification about the completion of
the job proved to be useful.
Khasawneh (2015) studied people who believed that technology is a threat (2015). The
results of this paper suggest that the fear might be a result of not understanding the entire
functioning of the technology, among other things (Khasawneh, 2015). Cost is said to be the
major deterring factor but the value of the products has been studied to be the biggest positive
and can overpower the negative impact of cost (Antioco & Kleijnen, 2010).
Some other reasons for resisting adoption might include lack of standards due to too
many third parties as well as consumer confusion about usability (Greichen, 1992). The article
“Home automation in the wild” claimed the reasons to be cost, rigidity, unmanageability, and
security concerns (Brush et al., 2011). Consistently, these factors have been inhibiting usage.
Based on several papers discussed earlier in this chapter, the common barriers that hinder
adoption have been identified to be:
2.2.2.1 Complexity
In a study done on the early adopters of this technology back when it was the initial X10
connection, the participants called “Gurus” for their software capabilities commented on this
technology not being for everybody because of its complexity (Brush et al., 2011). Since then,
the product has been simplified enough for regular people to be able to buy a product and
assemble it by themselves (Mone, 2014). The production is working toward making the products
simpler, but despite this user-friendliness, the technology always requires some amount of
understanding (Mone, 2014; Finley, 2015). The residents of the experimental orange house from
the book Inside the smart home claimed that figuring out how the remote worked for the washing
machine when they could just press the button was frustrating (Harper, 2003). Hence, complexity
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of installation and usage contribute to resistance.
2.2.2.2 Cost
According to the article “Value based home automation for today’s market,” cost makes
only the high-income group be able to afford automation, and they are a minority (Greichen,
1992). Five of 31 participants from the orange house experiment from “Home automation in the
wild” felt that cost was their least favorite part of automation (Brush et al., 2011). This may be
acting along with people’s fear of wasting money on something they don’t understand how to
use, especially since the expenses include the initial purchase, setup, and maintenance (Mone,
2014).
The cost has very recently come down into an affordable range, which is the reason for the
increase in usage (Mone, 2014). The cost for X10 ranged from $200 to $120,000 just for the
automation equipment (Brush et al., 2011). This explains that only people who have money to
spend on making quotidian functions easy would spend on this luxury. The people who spent
$200 on X10 technology also reflected that they got only basic functionality out of it, which was
not very impactful, but higher functionality comes with a higher cost (Brush et al., 2011).
To summarize, the earlier versions of technology offered basic functionality for little
money that increased by a lot as the functionality increased, which did not appeal to people.
2.2.2.3 Inflexibility
The occupants from the orange house expressed their concerns with particularly the
hardwired systems, saying that they were difficult to change (Brush et al., 2011). The people
who set up their own homes had the option of using multiple brands, but integrating them would
have been expensive, so they chose to use them independently. The people who outsourced
automation had to give it out to one company to be cost-efficient in terms of installation and
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maintenance (Brush et al., 2011). Some people who had additional wiring done felt like they
couldn’t move houses because the automated houses are difficult to sell for the price they are
worth (Brush et al., 2011).
2.2.2.4 Manageability
The participants of the orange house found a lot of reliability issues, such as the lights
suddenly going out or the device not responding to the remote (Brush et al., 2011). Some papers
claim that the robustness in the product would come with wider adoption, which would lead to
the development of the quality of the product (Brush et al., 2011). But since then, the products
are said to be easier to use (Mone, 2014). The connectivity of these devices relies on electrical
supply and interconnectivity using any medium they are connected with, and none of these
connections are without disturbances. It requires a basic level of understanding for a person to be
able to rely on technology, and this involves knowing that they are in control as much as
knowing how to control. The feeling that a person is not in control of the technology but the
other way round discourages its usage (Khasawneh, 2015).
2.2.2.5 Security
The devices that worked within the orange house from “Home automation in the wild”
were secure because of the hardwired connection. Security problems arise when remote access is
introduced (Brush et al., 2011). The port identification number and the internet protocol address
could give anybody access to log in and control the devices. Most security concerns in the
orange house were about cameras and alarm systems (Brush et al., 2011). Apart from this, the
participants were not entirely comfortable with giving guests and other people temporary access
and babysitters when they were away, and most of them chose to not use the remote access,
giving up comfort for security (Brush et al., 2011).
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Security concerns are one of the major reasons for resistance towards adoption, and they
have been prioritized and addressed by product developers to optimize security by adding endto-end encryption (Khasawneh, 2015). This basic encryption may keep regular thieves at bay, but
a professional hacker is able to hack into and get the data from these devices. There have been
some efforts made to control this situation, like a bit box that creates an end-to-end encryption
for the devices that connected to it. Based on research, the best way to deal with this is to limit
the connectivity of individual products to Wi-Fi, connect them through physical methods or ZWave, and use a gateway portal to control them remotely. These challenges are similar scenario
to the time when there were huge trust concerns when using credit cards online. Eventually there
will be a solution to this, but as of now, the security threat is real and should be looked into in
future research.

2.3

Past Technologies

Understanding the past technologies, their features, and the barriers that kept them from
adoption can help us understand the reason for the current technologies, the barriers that have
already been dealt with, and the problems that still persist.
2.3.1

X10
The X10 was a power line signaling technology, which means that it used existing

electric lines as hardware to send commands (Quinnell, 2007). The advantage with using existing
hardware is that the cost is reduced; electric lines are everywhere in the house, which provides
flexibility of equipment placement; and there is no additional power source needed for the
equipment (Quinnell, 2007). While these advantages are what caused the limited success that
X10 had, the technology had its limitations, such as being able to handle only 256 devices
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(Quinnell, 2007; Rizzo et al., 2004). It had limited data transfer capacity before noise was
introduced noise into the transmission, and hence could perform only basic tasks like controlling
lights, fans, and switches. The electric wiring could only reach outlets that served one frequency
without increasing cost. Certain objects, like thermostats, could not be controlled because of the
absence of nodes (Quinnell, 2007; Rizzo et al., 2004).
2.3.1.1 Response to X10
The article “Home automation in the wild” discusses an experiment conducted in which
14 people were interviewed in homes that had adopted the X10, Control4, Elk MI, HAI, Creston,
Lagotek, or Leviton (Brush et al., 2011). All the other brands were released after X10 and follow
the same protocol, and some of them increased the efficiency of data transfer. The overall user
experience was determined to be positive (Brush et al., 2011). The barriers determined for this
technology at the time were cost, inflexibility, manageability, and security.
After the X10, data transmission was improved drastically by introducing a separate connection
line just for transferring commands and physical control boards in the wall. This did not take off
because of the home market because of its unreasonable cost, which was $65 per vertical foot
(Quinnell, 2007).
2.3.2

GSM
After the failure of the other systems, the next addition to home automation was GSM

(Global System for Mobile communication), which took off. GSM is a mobile control system
invented while cell phones were on their way to being widely adopted. It was first introduced in
1991 but was not recognized for a decade. The function of this system involves a GSM modem
that converts signals. A cell phone is used to send a message, which the GSM modem receives,
converts into signals, and sends to the micro controller, which relays the message to the product
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(Teymourzadeh, Ahmed, Chan, & Hoong, 2013). This system is known to be secure because the
signal to the GSM could only be sent by the user (Teymourzadeh et al., 2013). This system
achieved some success in the home security field because of its ability to inform the user of any
intruder and trigger the arrival of help with a text message.
Some of the factors that determine the failure or success of home automation in the
market are said to be affordability, ease of use, reliability, flexibility, longevity, interoperability,
and capability (Quinnell, 2007). This can be gathered from the user response to the technologies
stated above. The next step is to understand the current technology available in order to
understand the problems it has overcome and see if there is a difference in the user attitude
toward these qualities that could make the user want to adopt automation technology.
2.3.3

Automation Technology Currently Available in the Market
The technology available today is primarily different from earlier technology based on

the interface that the equipment uses to communicate within the system and with the user.
Automation technology started to flourish with the introduction of wireless communication. This
reduced the equipment cost and also offered remote operation. The interfaces available today are
Bluetooth, Wi-Fi, Z-Wave, and ZigBee (Gill et al., 2009).
The two main hurdles that are recognized with this technology are that third-party
manufacturers are making products using a variety of interfaces and that home automation is not
widely adopted enough to support its development (Quinnell, 2007).
Table 1 introduces the wireless protocols and discusses their advantages and
disadvantages in supporting an automated environment. In his proposal, Bathmann introduces
the protocols and their working (Bathmann, 2008).
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Table 1 – Pros and cons of currently available technology
Protocol

Pros
•
•

•

•

•

•

2.3.4

Bluetooth

Wireless protocol
Low-energy Bluetooth good
with batteries
Phone can detect interface
without a hub

•
•
•

Limited range
Normal Bluetooth drains
phone and device batteries
Delay in response

•

Cost-efficient like any other
wireless protocol

•
•

Very limited range
Delay in response

•

Secure due to different interface
communication
Consumes less bandwidth as
only one device is connected to
the Wi-Fi
Consumes very little energy
Comparatively faster response

•
•
•

Requires a hub
Not feasible when using one
or two products
Needs initial setup

Easy initial setup
Available for ready usage
Can add individual products
over time

•
•
•

Prone to security issues
Drains batteries
Consumes bandwidth

•

Infrared

•
Z-Wave or
ZigBee

Wi-Fi

Cons

•
•
•
•
•

Integration Interface
Third-party companies using different communication protocols, and their respective

apps, can be overwhelming to deal with. Two types of devices were released to take care of this
problem. One is called a hub, and the other is a voice assistant.
2.3.5

Hub and Voice Assistant
The hub functions as a translator that converts the protocol signals into something that the

device, such as a phone or tablet, understands. This product has a limit on the number of devices
it can hold, and it can prove to be expensive when used to bridge only one or two products. It is
considered feasible when working with a good number of products. A hub called SmartThings
was released that was affordable and then took off, but then came the invention of direct Wi-Fi
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devices that did not need a hub but instead each had its own application (Priest, 2018). These
came together to be controlled with the use of voice assistants. The voice assistants, unlike the
hubs, could communicate using both the protocols without translating them. This affected the
hub market hugely, and most hubs stopped being produced (Priest, 2018). However, hubs do two
things better than voice assistants: increase the battery life of equipment like the sensors and
flood detectors, and draw from the Wi-Fi with only one device rather than a house full of Wi-Fi
products, which would only work with the highest bandwidth.
In the debate between the hubs and the voice assistants, the main thing that companies
noted was that people do not want to buy an expensive product that does nothing but help other
devices communicate (Priest, 2018). Amazon recently released a product that has the hub
integrated with the voice assistant for a lower price than they had initially sold the voice assistant
for. Consumers’ wait before buying a product could also be because they want to buy a tried and
tested product after the price has been regulated.

2.4

Review of Products in the Market

This section talks about the different categories of products that are available on the market.
They are judged based on product reviews from Amazon and Best Buy, the authenticity of which
is checked through the website ReviewMeta.com.
2.4.1

Smart Security
Smart security includes products like smart locks and alarm systems. According to

Amazon product descriptions, the market currently has locks that open with fingerprints and
touchscreen lock codes. The more advanced kind use a smartphone as a key and work with voice
commands through voice assistants and Some include alarm systems and cameras, which allow
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the user to monitor who enters the house at all times. The smartphone locks also allow the user to
generate one-time virtual keys to send to somebody who might need to enter the house when the
owner is away. There are night vision cameras that transmit live feed to the smartphone and
alarm systems and alert authorities when a forced entry is detected.
The user reviews to different products declare issues with the product, but overall
response to the technology has been positive. In the case study done in “Home automation in the
wild” and the book Inside the smart home, the participants said that being able to lock all the
doors without worrying and getting a notification when somebody entered made them feel in
control and safe (Harper, 2003; Brush et al., 2011). However, some people felt that the remote
access was a security threat as much as a convenience and that even though the communication
was encrypted, it was prone to hacking (Brush et al., 2011). As a solution, Gill et al. (2009)
suggested that the controls be disconnected from Wi-Fi and communicate through hardwiring or
Z-Wave communication with a gateway for remote access. Although a gateway is also prone to
hacking, it is more secure than an open Wi-Fi network. Out of the Amazon reviews referred to
above, 89% are authentic when checked with ReviewMeta.com.
2.4.2

Temperature
In the United States, mechanical systems are responsible for a major share of consumers’

electric bills (Attewell, 1992). Constant readjusting of temperature even when the owner is home
is impractical, although possible (Zeifman, 2016). What about when the owner is away?
Technology stores offer thermostats that can be adjusted through an app on the smartphone
(Zeifman, 2016). Even better, smart thermostats have been designed to study and learn
temperatures that the user finds comfortable and then self-adjust based on outside temperature
and presence of occupants (Attewell, 1992). If the owner is away for a holiday and the
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thermostat does not sense motion, it turns the temperature down to a reasonable level (Zeifman,
2016). The NEST thermostat has been studied to save 12% on heating loads and 15% on cooling
loads through the year (Zeifman, 2016). These savings on energy can heavily offset the initial
cost of the smart products (Attewell, 1992; Zeifman, 2016).
2.4.3

Lighting
This smart feature gets its own recognition although it falls under the category of utility

and appliances because of its universal usage. Lighting is the most primary and easy-to-fix utility
that can work with any house (Brush et al., 2011). This causes lighting to be a constant
component of the electric bill across the country. That is perhaps the reason for the plethora of
smart lighting options available in the market today. Products offer energy-saving options such
as dimmers and change in hues (Brush et al., 2011). They may be voice-activated or connected to
sensors, which saves a good amount of energy that would usually be wasted on unused lighting
(Brush et al., 2011). Automated lighting received a positive response across surveys conducted in
“Automation in the wild” and Inside the smart home (Harper, 2003; Brush et al., 2011). The one
issue presented by a user was the necessity of a manual override on the occasion that the
technology does not respond (Harper, 2003; Brush et al., 2011).
2.4.4

Safety
Safety involves products like fire detectors and carbon monoxide detectors. The smart

detectors are connected to the internet. They send mobile alerts when the alarm goes off. Users
can silence alerts through the phone instead of jumping to reach the button on the device. If there
is a leak of carbon monoxide, which is a deadly and odorless gas, they detect its origin. After this,
a user may ask their voice command assistant for ways to deal with the problem. Safety also
includes censored night lighting and security cameras.
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2.4.5

Smart Appliances
Smart appliances refer to a very wide variety of products ranging from cooking appliances

like the coffeemaker to the smart watch or smart TV. There are external Wi-Fi–compatible plugs
that can be plugged into normal outlets to be recognized by the internet through which any
product connected to the socket can be controlled (turned on and off). The market is developing
and producing these products at such a rate that the other appliances we currently use will soon
be rendered obsolete.

2.5

Summary

From the literature, it is evident that home automation, like any other technology, was
prototyped, and its takeoff is dependent on mass adoption. The barriers identified from the
literature that are known to hinder its widespread adoption are affordability, ease of use,
reliability, flexibility, operating life, interoperability, and capability, all of which agree with the
paper written by Quinnell (2007). Today’s market products are an example of the wide variety of
options available. Understanding the opinions on the available technology allows the researcher
to put together the best combination of products for the research setting. In the next chapter, I
will provide the methodology for the study.
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METHODOLOGY

3.1

Overview

The objective of this thesis was to understand the user attitude toward home automation
technology. The study was done on two different samples. One sample was the permanent
sample consisting of the residents of the house, and the other was a temporary sample, which
consisted of visitors. The focus was on the experiences caused by home automation products in
everyday life.
The permanent sample included three people who are students at Purdue University, and the
visiting sample was recruited to cover different ethnicities and age groups. Both the permanent
sample and the temporary sample were students of Purdue University who are 18–30 years of age,
generally representing the overall student population. They were given the initial questionnaire
to fill out prior to the visit, and the researcher selected an even mix of pro-technology, antitechnology, and neutral participants. The International Research reviewed the study and granted
approval under protocol #1712020010 (see Appendix A).
The permanent sample was analyzed based on a pre-questionnaire to understand
participants’ stance on technology; the data was collected over a 20-day period, from the
participants living in the automated house. The participants wrote a journal that was updated
every day. The journal included a section for them to write their experience. The journal was
written based on a prompt provided by the researcher but the prompt was brief in order to avoid
restricting the participant’s thoughts. At the end of the time period of the experiment, the
participants were interviewed.
The temporary sample were invited by the researcher to visit the house for a 20 minute
time period, and they were allowed to tour and try the products based on the suggestions on the
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placards that were placed next to the products. Before the tour, these participants answered a
survey that helped categorize them as pro–technology, anti-technology, or neutral toward
technology. After the tour, they answered another questionnaire, which asked specific questions
based on the tour they had just taken.

3.2

Implications of a Qualitative Study

The methodology used is this study is purely qualitative. It has been chosen based on the
objective that experiences cannot be measured by a number. According to Gay, Mills, and
Airasian (2009), qualitative research is analyzing and interpreting non-numerical data to
understand the situation. Qualitative study helps us understand the perspectives of people so as to
answer the question of why they would choose or not choose home automation technology,
while quantitative study tells us the number of people that would choose or not choose it (Yin,
2011). Qualitative study was chosen over quantitative because quantitative study would have
given us insight into how people perceive this technology but not why. The literature explains
the journey of the home automation technology through decades and the reasons for the previous
versions not being widely adopted were studied using a case study (Brush et al., 2011).
Restudying consumer attitudes toward updated technology helped compare the flaws that were
pointed out with the earlier versions and analyze whether they have been fixed. In the book
Qualitative research from start to finish, Robert Yin wrote that there are three components that
are essential to the credibility of the research: transparency, methodicalness, and adherence to
evidence (Yin, 2011). Previous research in this topic had been done using the qualitative case
study methodology, such as the book Inside the smart home and the article “Home automation in
the wild” (Brush et al., 2011)
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According to Yin, educational research case study is “exploration of phenomena that occur
within a bounded system.” A case study is appropriate methodology for understanding the
lifestyle of people in an automated home. This made it more appropriate for comparing and
understanding improvement. Yin said that there are two methods while reviewing literature and
collecting data that play a crucial role in determining the validity of the research; these are
triangulation of data and replicability of the research design (Yin, 2011). The keys to conducting
good qualitative research are listening, asking good questions, knowing the topic well, caring
about the data, doing parallel tasks, and persevering (Yin, 2011). Triangulation is the process of
corroborating the analysis from one method with the responses collected from other methods to
find similarities (Gay et al., 2009).

3.3

Participants and Recruitment

The sampling for the temporary sample was done with the intent to represent a generalized
selection of college going students so that the derived applications of this research have a target
audience. A total of 23 preliminary questionnaires were given to students in three different
classes from the departments that represent a stem course. The size of a sample in a qualitative
research has been optimized up to 10 participants to achieve variety in data and yet have a
manageable sample size (Binks et al. 2013). The ten chosen participants represent people who
are pro technology, anti-technology and neutral towards technology.

The permanent sample was chosen based on the location that allowed for setting up the
equipment and hence is a convenience sample but represents the above criteria that the research
is looking to study. The location is the apartment where the equipment that is tested is installed.
The existing people in the house are three students from Purdue from the computer science and
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building construction and management departments. They had been approached personally and
asked if they were interested in participating in the research.

3.4

Research Setting

The research was conducted in a four-bedroom house near campus. A list of the equipment
used in the house and a detailed description of the house are given in chapter 4.

3.5

Detailed Methodology Execution

The case study was executed in a four-bedroom apartment close to the main campus. There
were four residents in the house. The participants in this research were divided into two groups:
the permanent group and the temporary group.

Three of the four residents in the house were part of the permanent group, and the fourth
person was the researcher. The participants of the permanent group answered a preliminary
questionnaire that determined their stance on the curve of innovation. The results helped
understand their standing on technology, which was pro-technology, anti-technology, or neutral.

The researcher being part of the research setting helped the observation part of data
collection. Data was be in the form of field notes taken during occasions when the researcher
observed any interaction with the equipment or reaction to the equipment. The data was flatly
observational and devoid of opinion. The observations were an average of half an hour in the
morning and an hour in the evening every day. This setting also helped overcome a limitation in
the past research, namely that when participants were shifted to an automated setup, this may
have contributed to them feeling not at home and also complicated the idea of automating a
home (Brush et al., 2011). Hence, the participants were invited to take part in the whole process,
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from selection of the products to their installation and setup. The products were installed with the
help of the installation manual on the package and YouTube videos and with the help of the
rental company.

The installation was completed in the second week of March 2018. The case study was be
20 days long from the day of the completed installation. From this point on, the second stage of
data collection, observation and journal, entered the picture. The researcher wrote a report based
on observation of the events at the research setting every day. The report contained any
observations that included the participants’ interaction with technology. The participants were
asked to maintain a journal where they wrote about their experiences, good or bad, that they felt
the need to record, at the end of every day. The content of the journal was guided by prompts,
which are mentioned in the research instruments section.

The choice of a journal was made in order to minimize any bias in participants’ responses
due to the presence of another person. The journals were collected from them at the end of 20
days. An interview was conducted, the audio of which was recorded with the permission of the
participant, with questions inquiring specifically about the categories that were identified in the
past to be problematic to the users. The researcher analyzed the data that is written and recorded
with the help of software called NVivo. At the end of the experiment the participants received a
gift cart for $20 as they were promised.

The temporary group of participants were the temporary visitors to the house who chose to
volunteer to participate in a qualitative survey about the house. After 10 people were chosen to
achieve a balance in technical knowledge, a date and time was agreed upon for each visit. The
invites had the address, pictures, and technology details of the house. The visit involved a brief
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tour of the equipment and demonstrations of its functions. To avoid any bias through the tour, the
visitor were given a map of the equipment in the house, and interactive equipment had placards
nearby that described the working of the equipment. The visitors used the equipment both freely
and based on prompts on the placards. The tour was 20 minutes long. At the end of the tour, the
participants answered a qualitative questionnaire. The reason for choosing a second set was to
facilitate variety in responses. The qualitative questionnaire inquired about the visitor’s opinions
about the automation in the house.

3.6

Role of the Researcher

The role of the researcher in this study was crucial, unlike a quantitative study, in which
the information run with a certain code can interpret the data. In this study, the researcher had to
ensure that the participants were well informed and comfortable with the setting. The researcher
made observations and drew patterns from the raw data without letting their own opinions direct
the results. The researcher maintained the setting throughout the project up to uninstalling the
gear. The researcher understands that the study is not done in order to prove their preconceptions
right but in an effort to explore and unfold the genuine responses of people.

3.7

Data Collection Methods

The data collection methods used for this study are observation, written material by the
participants, interviews, and survey questionnaires, as described in Table 2.
Table 2 – Data collection methods and respective sample
Data Collection Method
1. Preliminary questionnaire
2. Field Observation

Sample
•
•

All participants considered
Temporary and permanent samples
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3. Journal
4. Interview
5. Post-questionnaire

•
•
•

Permanent sample
Permanent sample
Temporary sample

The initial questionnaire determined brief demographics of the participants. The
questionnaire helped understand the existing standing of participants on the technology curve by
Rogers (2003). The brief demographic and indicative questionnaire is mentioned in research
instruments.

Observation is a good method for data collection, as it allows the researcher to note the
important points of the scene that don’t involve the opinions of the participant. It is important for
the observer to explain the scene using facts and keep personal opinions away from it (Gay et al.,
2009). There are two ways of observing: the researcher can participate in the situation or silently
observe (Gay et al., 2009). It is advised for new, inexperienced researchers to observe passively
to avoid any emotional attachment to the situation that might reflect in the observation (Gay et
al., 2009).

In this study, the observations were informal and not conducted during any particular
times of the day. They were a result of the researcher’s interactions while living in the house.
The observations were recorded as field notes, which were updated with the date every day.
They were limited to observing the interactions between the participants and the equipment and
also any feelings they exhibited as a result of the technology.

The next method was the journal written by the participants. The participants were
encouraged to write down an experience in as much detail as they can recollect in a journal at the
end of every day. The writing was about their interactions with any home automation device or a
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positive or negative experience due to it. Journal writing helps with understanding perspectives
(Gay et al., 2009). Journal prompts are mentioned in the research instruments section.

Interviews are a good method for getting specific answers related to the point of the
research study. They help us get information that observation alone cannot (Gay et al., 2009).
However, they were complicated to perform and analyze. Apart from the verbal answers, the
interviewer must noted facial cues and the delivery of the answers. The interview questionnaire
for this study was broken down into categories that previously have been the reasons for not
adopting home automation technology.

Questionnaires were employed in the experiment for situations where analysis required
patterns to be drawn from multiple perspectives of a similar situation, as in the case of the
temporary sample. All the visitors could not be interviewed, as their experience might not have
been as vivid. Hence, a questionnaire was thought to be comprehensive enough to provide some
insight.

The questions for both the interview for the permanent sample and the questionnaire for
the temporary sample are discussed in the research instruments section. The reason behind
implementing four different methods of data collection is triangulation.

3.8

Research Instruments

Initial demographic and stance on technology questionnaire included the following
questions:
•

Which gender do you identify with?


Male
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Female

•

Ethnicity

•

Would you call yourself tech savvy?

•

•



Yes



No

How long do you wait before buying a new technological product in the market?


Immediately



Give it a month or two



Any time after



As late as it can be held off

What is your take on the present (1990–2000) generation’s dependence on

technology?
•

•

Do you already own any home automation equipment?


Yes



No

If yes, which ones?

3.9

Journal Prompt

Describe your experience in as much detail as possible. How did it make you feel? How
did it change your attitude toward it? What do you plan on doing about it in the future?
This will be the general idea of the content of the journal, and anything else that they seem
relevant can be added.


Echo Dot
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X touch – Wi-Fi light



Deebot Robot Vacuum



NEST Thermostat



Etekcity Smart Outlets



August Smart Lock

The interview questions and the final questionnaire, included the following questions:

Experience:
1. Would you describe your experience here as positive or negative? Why?
Cost:
1. Did you feel like the products were worth the price or not worth the price?
2. Would you buy any of these products for your home after the experiment?
3. How much more would you be willing to pay per month to be renting this place?
Note: The current rent of this place is $1600, which is $400 per person for a room.
Security:
1. Did the products make you feel more or less safe in terms of information than you did
before? If yes, explain.
2. What security concerns did you have while using the products? (If you are concerned
about security. If not, ignore this question.)
Reliability:
1. During your time using these products, did you have issues with working with them? If
yes, explain.
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2. Are there any situations where you found the technology to be particularly helpful?
3. Has the technology ever failed you?
Complexity:
1. How do you feel about the installation of these gadgets?
2. Was the process of dealing with the equipment smooth, or did you find yourself
struggling with trying to understand how to use something?
3. How do you feel about the time lag between giving the command and the function taking
place?
Other:
4. Is there anything you would like to change about this to make your experience better?
5. Name any gadgets that you particularly enjoyed or were annoyed with.
6. Is there anything else you’d like to add?

3.10 Data Analysis Methods
As Johnny Saldana says in his book, coding is like identifying the structural elements of
the data, and understanding the patterns of the codes is what makes the connection (2008).
Software called NVivo was employed for the analysis of the collected data. The software helped
keep everything organized, as there were four types of data collection methods employed and the
data was received throughout the experiment.
The four sources of data were observation notes, journals, interviews, and questionnaires.
All of the data, both originally written and transcribed from interview audio, were put in a Word
document to fill two-thirds of the paper with double spacing, and printed out. This information
was open coded on paper with highlighters and pen. This initial attempt was to understand the
written data before preconceiving and creating subtopics. The patterns were directed toward
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what the research question is looking at, which was the positivity and negativity of experiences
and people’s attitudes toward adopting the technology. All the different sources of data, with the
stage at which they were collected (which was deduced using the dates), was stored separately.
After the interviews ware open coded, a word cloud was used to represent patterns that were
noticed through open coding, and the areas of analysis were determined. Then all the content was
recoded.
The software in which the content was recoded is called NVivo. NVivo Plus provides
multiple document analysis under one roof. The tool “frequency query” determines the most
used words across all datasets. The data then was encoded again into the common meaning
drawn out of the experiment, and the main research question was answered.
The researcher used structural coding on the content in the first part, along with a descriptive
coding. According to Johnny Saldana, structural coding is used to answer an overarching
question (2008). The possible answers to the questions of the study were looked for in the
content, and the consistency repetition of the answers through the data provide validity. The
second pass was pattern coding. In pattern coding, obviously repeated patterns were analyzed
and grouped to be the product type, and these patterns were compared within the experiment
among the different types of people and data collection. This stage allowed the researcher to
provide emerging themes from the data and compare to previous literature findings.

3.11 Ethics and Considerations
The main things that need to be ensured in order to carry out ethical research are informed
consent, minimizing harm, selecting participants equitably, and assuring confidentiality (Yin,
2011). To ensure that the interests of the participants are given due consideration, participants
were asked to give informed consent after the researcher explains to them the objective of the
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study. All the products in the house involved participants’ consent; any product they were not
comfortable with was not be used for the study. All the positives, threats and risks involved with
home automation were explained to the participants. Confidentiality was maintained by using
pseudonyms for the permanent participants and not revealing the identity of the temporary
participants. The documents that can be used to re-identify the participants are stored in a locked
safe in the researcher’s office on Purdue’s campus.
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RESEARCH CONTEXT

The research location is a four-bedroom, two-bathroom apartment that is 963 square feet
(see Figure 2). The three permanent participants and the researcher reside there, together, since
2016.

Figure 2. Research location.
Table 3 presents the list of products being installed in the house and their positions in the
house, as shown in the plan. All the products were chosen to work with the voice assistant.
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Table 3 –List of products
Product

Costa

Compliance
with Echo

Description (Amazon, 2017)b

Yes

• Control your door with your smartphone.
• Keep your existing deadbolt. Installs in minutes
on the inside of your door.
• Grant or restrict access to visitors anytime.
• Automatically locks your door as you leave and
auto-unlocks as you approach.
• Voice Control - Lock your door using Amazon
Alexa, Apple HomeKit or the Google Assistant.
• Track who is coming and going with a 24/7
activity log on your smartphone.

$179
August (Smart Lock)

$35

Yes

Etekcity Smart Outlets
(Smart Outlets)

$250
NEST- Thermostat
(Smart Thermostat)

Yes

• Works with Amazon Alexa and Google
Assistant for voice control. Power your devices
without lifting a finger. Does not currently
support SmartThings, homekit, or IFTTT
• Track power usage for connected devices and
figure out which devices use the most energy.
You can effectively cut your usage so that you
can save money on your next electric bill
• Easy to install and stable connection.
Controlled from different devices and manage
your home on your smartphone or tablet from
anywhere
Get ready to have a smart home and create
customized schedule to automatically turn on
and off any home Electronics or appliances
such as lamps, Christmas Lighting, coffee
maker, etc
• Google Home works with Nest. Feeling chilly?
Just say, “Ok Google, set my temperature to 72
degrees."
• Works with Amazon Alexa for voice control
(Alexa device sold separately)
• Auto-Schedule: Nest learns the temperatures
you like and programs itself in about a week.
• Home/Away Assist: Nest automatically turns
itself down when nobody’s home to help you
save energy.
• Remote Control: Connect your thermostat to
Wi-Fi to control the temperature from your
phone, tablet or laptop.
• Farsight: When the Nest Thermostat spots you
across the room, it lights up beautifully to show
you the time, temperature or weather.
• Energy Star: First thermostat to earn Energy
Star. Your thermostat controls half your energy
bill - more than appliances, more than
electronics. Saving energy starts with your
Thermostat.
• Loading EDP related metadata

41

Product

Costa

Compliance
with Echo

Description (Amazon, 2017)b
• Energy History: Check your Energy History in
the Nest app to see how much energy you use
and why.
• Nest Leaf: You’ll see the Leaf when you
choose a temperature that saves energy. It
guides you in the right direction.

$250

Yes

Deebot (Vacuum Robot)

$20

X touch – Wi-Fi light
(Wi-Fi lights)

Yes

• Alexa & Smart App Controls: Use Alexa voice
commands to direct cleaning. Use the
ECOVACS App to customize, schedule &
monitor cleaning sessions, accessory status, &
receive error alerts
• 3-Stage Cleaning System: High-efficiency
vacuum suction, deep reach helix main brush &
wide reach side brushes guided by intelligent
navigation system, plus 4 specialized cleaning
modes
• 1.7 Hours Battery Life: Lithium battery
supports up to 100+ minutes of quiet cleaning,
a 1000 pa power max cleaning mode & air
filtration
• Anti-Collision & Anti-Drop Sensor Protection:
Comprehensive, intelligent sensor safety
technology plus soft, durable protective
bumpers
• 1-Year Warranty, plus Accessories: Includes
(1) remote control, (1) main brush, (2) side
brushes, (1) docking station & fantastic
customer support
• EASY TO INSTALL- There are 3 steps to start
your smart home life. Scan the QR code to
download the "Jinvoo Smart" APP, install the
lamp (E27 base) and use the APP to control the
Wi-Fi bulb (No Hub Required).
• REMOTELY CONTROL- Take control of your
lights from anywhere and anytime with your
smartphone or tablet. App allows you to control
a single bulb or group of bulbs and control them
together whether home or away, you can
always make sure your lighting is set the way
you want it.
• WORKS WITH ECHO ALEXA- Once
connection to Amazon Echo Alexa is
successful, you can control the bulb light on or
off with just your voice.
• MAKE HOME LIGHTING COLORFUL- A19
60W Equivalent dimmable LED Wi-Fi bulb can
be used as a common LED light or for special
purposes with its multifunctional design. 16
million colors are available, for scene setting,
choosing different colors to suit your mood,
setting a stage for a party or a romantic dinner
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Costa

Product

Compliance
with Echo

Description (Amazon, 2017)b
or for decorating your room.

$50
Echo Dot (Voice
Assistant)

either

N/A

• Echo Dot (2nd Generation) is a hands-free,
voice-controlled device that uses Alexa to play
music, control smart home devices, make calls,
send and receive messages, provide
information, read the news, set alarms, read
audiobooks from Audible, control Amazon
Video on Fire TV, and more.
• Connects to speakers or headphones through
Bluetooth or 3.5 mm stereo cable to play music
from Amazon Music, Spotify, Pandora,
iHeartRadio, and TuneIn. Play music
simultaneously across Echo devices and
speakers connected via cable with multi-room
music (Spotify and Sirius XM support coming
soon).
• Call or message anyone hands-free with your
Echo device. Also, instantly connect to other
Echo devices in your home using just your
voice.
• Controls lights, fans, TVs, switches,
thermostats, garage doors, sprinklers, locks, and
more with compatible connected devices from
WeMo, Philips Hue, Sony, Samsung
SmartThings, Nest, and others.
• Hears you from across the room with 7 far-field
microphones for hands-free control, even in
noisy environments or while playing music.
• Includes a built-in speaker so it can work on its
own as a smart alarm clock in the bedroom, an
assistant in the kitchen, or anywhere you might
want a voice-controlled computer; Amazon
Echo is not required to use Echo Dot.
• Always getting smarter and adding new
features, plus thousands of skills like Uber,
Domino's, DISH, and more.

a

Prices obtained from the Amazon website (www.amazon.com) on December 22nd, 2017.

b

Descriptions were obtained from the Amazon website (www.amazon.com), provided by
the

manufacturer

or

seller.
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RESULTS AND CONCLUSION

5.1

Findings

The purpose of this study was to understand user attitudes toward home automation
technology.
Research question:
What is the user attitude toward adopting the current home automation technology?
The approach to understanding this attitude was made by breaking it down into subcategories:
•

Categorizing the overall experience into positive and negative.

•

Studying which parts of the technology the users find worthwhile and are willing to
invest in and adopt.

•

Learning the existing barriers that are stopping the users from adopting home automation,
as well as the desirable features that would encourage them to use and promote it.

Data were collected in the form of journals, observations, questionnaires and interviews. The
previous chapters of this thesis examine the evolution of home automation technology since its
invention, the barriers that inhibited its widespread adoption, the ways evolving technology will
endeavor to overcome these barriers, and the methodology chosen to understand attitudes toward
and barriers preventing this technology’s adoption. This chapter will present the responses from
the participants in order to answer the research question.
The qualitative case study method was employed, which involved establishing a research
setting with home automation technology. A set of three participants lived in the home for 20
days, and another set of 10 participants visited it for a brief period of time. Participants then gave
their impressions of their experience. The users were kept private by using pseudonyms for
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names throughout the research, which allowed the researcher to compare and contrast the data
from several data collection methods while securing the identity of the participants.
The set of three permanent participants living in the house are the permanent sample, and they
will be referred to as participants A, B, and C. The impressions of the permanent participants are
in the forms of journals, observations, and interviews. The impressions of the temporary
participants are from the questionnaire they filled out after their visits.

5.2

Samples and Backgrounds:

Permanent sample: The sample residing in the house. It has three participants, who will be
addressed as participants A, B, and C.
•

Participant A is a female graduate student studying a STEM course at Purdue University.
In the preliminary questionnaire, she marked herself as tech savvy and a heavy
technology user.

•

Participant B is a female undergraduate student studying a STEM course at Purdue
University. In the preliminary questionnaire, she marked herself as tech savvy but a late
adopter.

•

Participant C is a female graduate student studying a STEM course at Purdue University.
She marked herself as non-tech savvy but said she is usually excited to try new things in
the market.

Temporary Sample: The sample who will be visiting the house. It has 10 participants, who
will each spend 15 minutes in the house during the 20-day experiment period.
The 10 participants were chosen from the sample of 23 who filled out the preliminary
questionnaire based on their technical background. The following charts break down the gender,
technical background, and academic fields of the 10 people chosen:
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Figure 3. Gender of participants (n=10).

Figure 4. Technical background of participants (n=10).
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Figure 5. Academic majors of participants (n=10).

Based on the preliminary questionnaires given to the prospective participants, people who
liked and avidly used technology along with being early adopters of new products were
categorized as tech savvy. People who used technology as necessary and upgraded to stay
updated were considered neutral. People who knew very little about any new devices, used only
basic functions, and upgraded only when their tech becomes obsolete were considered non-tech
savvy.

5.3

Overall Summary of Analyzed Data

After all the data were collected and analyzed, results indicated that the technology was
received positively at first by every person, but for long-term users, the excitement died down
somewhere along the way. The products were judged based on functionality, and much of this
the participants thought of as unnecessary.
The long-term user experience was not negative, but the initial positivity turned into
indifference. The permanent users expressed reluctance toward actively adopting this technology
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in their lives in the future. Their reasons were that the technology did not offer enough added
convenience for the price paid, and that installation, setup, and maintenance were too much
effort. On the other hand, they would consider adopting features that would be installed and
maintained by others and came with minimal added cost.

5.4

Participants’ Perception of Technology

The data collected from all sources were structurally coded to answer the following
questions. The questions have been formed based on nodes picked up during the literature review
and common concerns or occurrences spotted in the initial screening of the collected data.
5.4.1

Question: Was the overall experience positive or negative?

Temporary sample:
All 10 people from the temporary sample found the experience to be positive. Some
responses from this sample:
•

“Time and energy saving gadgets, I love it.”

•

“It is so nice to be able to get in the house using my phone and ask the voice assistant to
play my favorite song.”

•

“I like everything I see but I am a little curious and pessimistic about the security
features.”

•

“These products seem to make life easier, they also might make me lazier.”

Permanent sample:
On the other hand, the permanent participants had a mixed experience with positives and
negatives. Their initial response was positive; the observations indicate extensive interaction and
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usage of all the products during the first few days, mostly enthusiastic despite a few issues with
understanding the products.
•

On Day 1, Participant C’s journal read: “My phone was not connecting to the thermostat.
My life would have become so much easier if I could do that.”

•

On Day 2, Participant C’s journal read: “It is so cool, finally I got the thermostat
connected to my phone. Now I can set the temperature and the fan duration all from my
bed. It made me happy. And I can also check the calendar in the app to see how the usage
of the heating system has been over the week. Highly informative.”

•

On Day 1, Participant B’s journal read: “This is so exciting, I can’t wait to call my
friends over and show them that my light can change colors!”

•

On Day 1, Participant A’s journal read: “Everything is connected, I am looking forward
to see how living with all of this will be.”
Based on the journals, the initial excitement wore off toward the end of the first week

(Days 6–9) when they found technical issues with the products. It was a commonly faced
problem that the whole setup was not robust; connectivity issues arise more often than
anticipated, and it was frustrating to troubleshoot it every time. Some products and their
functionality thrived, while the others were not as functional as they initially seemed. The
observations and the journals show incidents where participants chose to do things manually
rather than use the voice assistant or their phone halfway through the experiment.
•

On Day 5, Participant A’s journal read: “I often forget to use the light feature, flipping
the switch on and off while entering and leaving room is not too much trouble for me and
it comes naturally. Using the phone or Alexa to do that function seems like more work.”
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•

On Day 6, the researcher observed that Participant A had unlocked the door using her key
instead of using auto detection.

•

At the end, the permanent users found the experience useful and had a few ideas about
how it could be better.

In the interview:
•

Participant A said: “Overall, all of these devices connected to the internet slow it down
by a lot. Most of these devices are vulnerable and leave a private network unsecure. But
certain products like the vacuum cleaner and the thermostat don’t threaten security and
make life much easier.”

•

Participant B said: “I wish Alexa understood my accent better and responded quicker.
Sometimes I get tired of telling it and do it with my phone, which is not too much of a
hassle, really.”

•

Participant C said: “I like controlling everything with my phone. It takes less time. When
I try to change the temperature with Alexa, I first ask what the current temperature is and
then change it. The phone is easier to use.

All the overall development suggestions given by the participants point to having an
integrated, profile-based system of automation—in which the products don’t function
independently but function as an ecosystem—that can be controlled through the phone using one
single app and that learns the lifestyle of an individual person instead of confusing itself with
multiple people in the house.
5.4.2

Question: What is your take on security?
Opinions of the technology’s security were both positive and negative. The temporary

sample had two people who already own smart home products and thus seemed to be aware of
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the security concern. The participants who were from the computer science field and had an
understanding of network security were concerned about threats to security, and the others were
not.
Temporary sample:
The temporary sample had a mix of responses, with representative examples below:
•

“It does not make any difference in terms of security, it is more convenient.”

•

“It increases safety as it reduces human error by the auto door lock feature and it informs
us every time someone enters.”

•

“I am a little concerned about the door lock being on the network. The security of the rest
of the products is not of huge consequence.”

Permanent sample:
The permanent sample was initially informed verbally of the basic security threat
involved with the technology, including the possibility of hacking and of the data being collected
and used through the products connected to the Wi-Fi.
•

The observation log on Day 1 says: “2:00 PM - Researcher receives a text from
participant A exhibiting concern about Amazon Echo being connected to the door lock.

•

2:30 PM - Researcher disconnects the door lock.”

•

By the end of the first day, the door lock was disconnected from the voice assistant, but it
could still be operated through the phone app. According to the observation log from Day
4, participants began to feel less secure with the technology:

•

“6:30 PM - The researcher comes back home and finds the Echo in the living room
disconnected again. When she enquires in the group, Participant A and B responded,
saying that they heard from one of the guests the previous night that the device records all
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conversations as it actively listens for the wake word to be said. So they decided to
unplug it when they don’t plan on using it.”
•

On Day 10, Participant C’s journal read: “Was talking to a friend about Alexa today and
he happened to mention that Alexa collects data. It monitors my voice and collects it and
uses it. I’m a little bit worried about it. I’ll have to read more about his issue.”

As the journals clarify, all the participants were very concerned about using the Echo device
halfway through the experiment and continued to control the products using their smartphones.
5.4.3

Question: How do you feel about the cost of the products?

Temporary sample:
The temporary sample was fascinated with all the equipment and expressed interest in
immediately investing in some equipment after the tour. Based on the cost of all the products, the
cheapest was Amazon Echo Dot, and as students, seven out of 10 participants felt it was the most
affordable and useful product based on worth. They explained in the final questionnaire that the
thermostat, lock, and vacuum cleaner were all great, but as students, they could not afford to
spend money on such luxury, whereas they could afford a voice assistant. Some questionnaire
answers:
•

“The only thing I would invest in right now would be the door lock. I might invest in the
thermostat in the future but not as a student.”

•

“It was a great experience overall and I am willing to spend some money on getting this
technology for my home.”

•

“Cost is the only deterrent for me.”

The apartment where the research was conducted is a four-bedroom, two-bathroom
apartment that charges a rent of $1600. When given this information and asked how much more
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they would be willing to pay to rent this apartment in the questionnaire, the responses from the
10 participants were $0, $50, $100, $75, $125, $110, $60, $100, $50, $75. The average being
$74.50 per person per room.
Permanent sample:
In contrast to the temporary sample, the permanent sample, who initially felt that the
products were worth their prices, ended up deciding that after the initial excitement wore off,
there wasn’t much useful functionality in the light and the voice assistant, whereas being able to
set cleaning schedules for the vacuum cleaner when away from home and to set the temperature
and be reminded of sustainability felt more worth the price. Some interview responses when
participants were asked about cost:
•

Participant A: “I feel like most of these products are for luxury. I would maybe spend on
them if their market price drops in the future.”

•

Participant B: “I would definitely buy Alexa for music if nothing else. I cannot afford the
rest of the products as of now.”

•

Participant C: “I checked out the cost of all the items bought: Alexa, Echo Dot, light,
vacuum cleaner, and the thermostat. The vacuum cleaner and thermostat seem a little
expensive. I don’t think I will be able to afford that as a student. The Echo Dot and the
light, on the other hand, seems affordable.”

The same question about the rent was posed to them to see how much more they would be
willing to pay. Participant A said $10, Participant B said $10, and Participant C said $15 per
person per room to rent the apartment with the thermostat, door lock, vacuum cleaner, and some
speakers.
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5.4.4

Question: What is your take on the technical aspects of the equipment?

Temporary sample:
This question was only for the permanent sample, as the temporary sample did not use
the products for long enough to face technical difficulties.
Permanent sample:
Before the beginning of the experiment, all equipment was set up, and permission to
access was sent to each of the users from the researcher’s account for each appliance. The
participants were required to download the app and create an account in order to access the
appliances through their phone. This initial connection was not made properly or kept
disconnecting, because of which some products were inaccessible to some participants.
Participant C could not connect to the thermostat, and Participant B could not connect the light to
the voice assistant. Participant B mentioned in the interview that this break occurred every time
the Wi-Fi was disturbed or reset, and the connecting process then had to be done over. This was
pointed out as frustrating by all the participants.
The thermostat worked well once the connection was established, but the door lock
needed Bluetooth to be on participants’ phones all the time in order to function properly. All
three participants used this feature initially, but when they noticed that the Bluetooth drained
their phone batteries, they tried turning it on only when they reached the house. Participant A
found this method better than keeping Bluetooth on all the time, but Participant B said that the
connection and detection of the lock took too long this way, and she did not want to wait in the
cold. Participant C settled for using keys but still enjoyed the auto lock feature, which removed
worries about having left the door open, as it auto locked itself after two minutes.
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•

On Day 13, Participant C’s journal read: “From today I give up using the lock through
my phone. It’s too frustrating. Never connect to my phone. I’m just going to use my keys
to open the door. The automatic feature by which the door closes in 2 minutes is
convenient. I don’t have to bother locking the door when I leave the house.”

The researcher observed people using keys to enter the house on more than one occasion.
The thermostat was controlled by all the participants through their phones. Because it was
frequently being set to different temperatures, it auto learned the pattern and thus set a
temperature that was previously used but undesirable in most situations. Participant C noted on
that this was problematic because the temperature would drop during the night and the house
would be cold in the morning.
•

Participant C’s journal, Day 4: “The temperature went back to 20’c automatically at night
even if I set it at 26’c when I went to sleep. Must fix this issue. Otherwise I wake up cold
and uncomfortable.”

•

According to the observations and the journals, the robot vacuum sometimes would not
dock properly in the charging station and would keep beeping. In addition, the Wi-Fi was
reported to have slowed down drastically because of the number of devices drawing from
it.

•

On Day 5, Participant A's journal read: “The Wi-Fi is so slow, it takes forever to browse.”

•

From the observation log on Day 5: “Participant A expressed concern to the researcher
about the Wifi speed.”

This situation was fixed on Day 8 by installing a secondary Wi-Fi. This increased the
maintenance cost of this system by $60 per month.
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5.5

Participant Perception of Equipment

This is a brief review of all the products and the responses towards products. Because the
products contribute to a collective automation experience, it is important to understand the
properties of each of them so that products can be chosen to customize an automated home to
best suit its user.
5.5.1

Voice assistant
The response to the voice assistant was mixed.

Temporary sample:
Seeing the voice command bring lights and thermostats to life positively impacted the
temporary sample. The functionality they experienced was based on the commands on the
placards that were posted in front of the equipment, which were limited to operating the door
lock, thermostat, lights and plugs. They also featured regular tasks like playing music, creating a
to-do list, or setting a timer.
Nine out of 10 people from the sample did not own a voice assistant. They had a generally
positive response towards it. Some of the things they said were:
•

“I really enjoyed the product Alexa. I can play songs, set alarms, and operate lights and
temperature with my voice!”

•

“I found the experience really interesting. I enjoyed using Alexa.”

•

“I had to yell through the background noise to get Alexa to hear my voice.”

Permanent sample:
Based on the observations and the journals, the permanent sample participants used the
product’s features quite well in the beginning. Later, they found themselves only using it to set
alarms and timers, which is similar to using a smartphone only to make phone calls. The
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participants did not prefer to take time to explore more of the product’s features. Some of the
entries when they started using Echo Dot were:
•

On Day 1, Participant A’s journal read: “I have all products connected with Alexa. I am
looking forward to using it.”

•

On Day 3, Participant C’s journal read: “Used Alexa for weather update, to set alarm that
wakes me up in the morning, reminders about finishing and submitting on time.
I keep forgetting that I can switch the light on and off through Alexa. I keep using the
switch instead.
I do wish there was an option to play a selected song instead of the alarm that wakes me
up. I also noticed that I have to be really loud, so Alexa picks up my voice. I wish the mic
was a little bit more sensitive.”

•

On Day 1, Participant B’s journal read: “I really like Alexa, I keep talking to it randomly
and it is so convenient to play music.”

Halfway through the experiment, the opinions of the participants evolved. They were based
more on functionality and less on the excitement due to novelty. Some journal entries and
observations from this period:
•

On Day 11, Participant C’s journal read: “Alexa and thermostat are the only items I seem
to be using every day. Today I was thinking about if I would be better off without these
two items. I could live without the Alexa. After the excitement about it wears off, it
seems like something that I could live without. I would want to keep the thermostat
though at any cost. It is extremely useful. I could use my phone for everything that Alexa
does.”
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•

On Day 5, Participant A’s journal read: “I mostly keep my Alexa on mute so that its not
listening to everything I say. There is a feature called Drop In, if that is hacked, any
person can keep a tab on every sound in your space. I would prefer to not use this device”

•

On Day 9, Participant B’s journal read: “After a while, you don’t use Alexa as much as
you used to. I just use it for Alarm and music. I would still buy the Echo dot.”

5.5.2

Smart Thermostat
After a lot of research on the market, as mentioned in the literature review, Thermostat

was determined to be one of the highest-rated products for thermostats in the market. As a
response, it got 100 percent positive feedback from both the temporary sample and the
permanent sample.
Temporary sample:
The temporary sample changed the temperature using the voice assistant and explored the
features on the app through the phone, but they hadn’t stayed long enough to appreciate the
convenience of the product. However, seven out of 10 reviews commented that this product was
desirable but too expensive for them to invest in as a student. Some of the comments on the
thermostat were:
•

“ I like the thermostat because it tells me when I save energy and it is very satisfying.”

•

“I can lower the temperature when I am not home, that will save me money on electricity
bills.”

Permanent sample:
The permanent residents thoroughly enjoyed the convenience of this product, based on
the journals and the interviews, but a problem arose when different people in the house were
setting it to different temperatures. The thermostat learned these changes during the first week
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and auto-scheduled the temperature changes based on that, which sometimes was undesirable
and led to frustration in the participants. Apart from that, the thermostat’s eco-friendly feature,
which indicates whether it is being used sustainably, encouraged the participants to be more
ecologically conscious. This feature was much appreciated by the participants, as they expressed
satisfaction on days when a leaf icon showed up next to the day’s energy consumption summary,
indicating that that day’s consumption had been eco-friendly. Some comments that the
participants made about the thermostat in their journals:
•

On Day 10, Participant A’s journal read: “The thermostat made it easier to read the
temperature. The remote control through the application was quite handy for switching
on/off the fan. However, the problem was with some of its automatic settings. And
changing the schedule every time was exhausting.”

•

On Day 11, Participant C’s journal read: “I wish there was a way in which the thermostat
takes the average temperature of all 4 people in the building that way the apartment is not
too hot or too cold according to the control set by just 1 person.”

•

On Day 10, Participant B’s journal read: “The apartment is always too cold or too hot, we
might just be running our electricity bills up by heating and cooling it constantly.”

5.5.3

Smart lock
This device was a device which did not have a camera but could be opened and closed

using the voice assistant and the phone. It also gave complete information about the activity of
entrance and exit through the door to everybody registered as an owner.
Temporary sample:
The temporary sample experienced the door lock when they entered the house using the guest
code sent by the owner. They responded positively toward its features that were included in the
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app, but some were concerned about security, since that lock was the only thing that kept people
from entering the house. A few participants believed that the more technological the system is,
the easier it is to break into the apartment, whereas others believed that the notification feature
made them feel safer because they would know whenever somebody went through the door.
Some of the comments about the door lock were:
•

“The door lock makes me feel safer, as I can see who is entering the house at all times.”

•

“The door lock is a nice feature, but what if I get locked outside and my phone dies?”

•

“The door lock is cool.”

•

“I am concerned about the security of the door lock as it is the only thing keeping
outsiders from coming in.”

Permanent sample:
The permanent participants liked the door lock feature, as it would mean not having to
stand in the cold outside and look for keys, but they were very concerned about the door lock
being connected with the voice assistant, as a simple voice command from anywhere could
unlock the door. In this experiment, the voice assistant was disconnected from the door after they
expressed this concern.
•

Observation, Day 1:
“2:00 PM - Researcher receives a text from person A exhibiting concern about Amazon
Echo being connected to the Door lock.
2:30 PM - Researcher disconnects the door lock.”
In general, the voice assistant can be trained to recognize the voice of the owners by

going through an activity where it repeatedly hears their voices and only responds to them.
However, voice training would not have worked in the setting of this research because the
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product needed to recognize strangers’ voices to accommodate the temporary sample. Hence the
lock was disconnected from it. Apart from this, two of the permanent participants expressed
technical concerns with the amount of time it took for the phone to connect to the lock after they
turned the Bluetooth on. The third participant had Bluetooth on at all times and did not have any
problems with the auto lock and unlock system, which works based on the location of the phone
detected by GPS. Overall, two of the permanent participants rated this product as something they
wouldn’t mind having but definitely something they would not spend money on. Some
comments that they had about the product were:
•

Participant A’s interview:
“The lock came in handy sometimes, as my key is ill-formed and hard to turn. Though it
did not connect to my phone at many times. Also, since the door would not be properly
closed, the auto-lock mechanism would not work. The app would not even prompt if the
locking failed, unless I had the app open. In my opinion, it should prompt everyone with
an alert whenever the door is open. Also, the fact that I and anyone else could monitor
who opened or closed the door felt like we were under surveillance.”

•

Participant B’s interview:
“The lock took some time to connect when I turn on my Bluetooth, but I really like this
product. I did not have problems with connectivity like the other participants. I also could
generate key cards when my friends came over. It was fun.”

•

Participant C’s journal, Day 9:
“I wish the door lock had a finger print sensor instead of the whole, phone, app and
Bluetooth. Every time I must take my phone out, wait for it to connect to the lock and
then open the door. I would rather use my key. The app tests my patience.”
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5.5.4

Robot Vacuum
This product maps the plan of the house by detecting the walls and cleans it in a zigzag

pattern. It can be operated by the remote or the phone app from a remote location. It can also be
set on a timer.
Temporary participants:
All the people of the temporary sample appreciated this product, with cost again being a
concern. Some expressed other concerns as well:
•

“I just might trip on the vacuum cleaner, it’s better to run it when not at home.”

•

“The vacuum cleaner is circular. I feel like it won’t clean the edges properly.”

•

“This vacuum cleaner runs in random directions. I saw another that went in an order.”

Permanent sample:
The permanent participants enjoyed the cleaning for the first week, but then the vacuum
cleaner suddenly stopped charging because of the positioning of the docking system. This was
frustrating by participants, as stated in their journals. The researcher physically adjusted the
docking multiple times one day, but the same problem kept arising. The carpet seemed to be
blocking it from docking. It was later docked on the tile instead of the carpet, but it still did not
dock properly. The problem with charging made the product beep continuously, and it was
eventually disconnected for this reason. The participants appreciated the concept of this product
and would have liked the product itself had it worked better.
•

Observation, Day 10:
“10:30AM - There was a beeping noise from the living room. The robot vacuum was
making the noise. It was not able to dock properly because of the uneven carpet. It was
previously kept in another location and changed to the new location for convenience.
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The researcher changed the location back to original docking location.”
•

Participant A’s interview:
“The device seemed to be interesting for the first couple of days. However, as the days
progressed, its use kept reducing. At first it looked like it was effective, but it only
roamed around a few spots in the hall and had to be manually reset if it got stuck (picked
up and moved). Also, it did not charge sometimes, even though it was docked.”

•

Participant B’s interview:
It was great while it worked right, saved us a ton of time, then it started to deteriorate. We
thought it was because it was full or the fans needed to be replaced. The fans got spoilt
fairly quickly. Maybe this product is not good for carpet.”

•

On Day 12, Participant C’s journal read:
“Wanted to use the vacuum cleaner. It wasn’t working and then I came to realize how
much I had become dependent on the automatic vacuum cleaner. I don’t want to go back
to manually cleaning the room.”

5.5.5

Smart Plugs
These plugs were hardly acknowledged by either sample. The plugs are used when there

are products connected to it that need to be turned on while away, like a rice cooker or a kettle.
Because no such products were connected to them, these plugs were not particularly used. They
weren’t specifically addressed in the journals or the questionnaires. When asked about them in
the interview, one participant suggested that they had forgotten about them and the others did not
use them because they didn’t need them on any occasion.
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5.6

Summary Based on Recognized Barriers to Adoption

The barriers recognized here were nodes realized from the literature review. Table 4
presents a summary developed by the researcher to better understand the different reactions to
the barriers that are realized immediately and those that are not, compared to the previous
experiments.
Table 4 – Reactions to barriers to adoption
Barrier

Permanent sample

Temporary Sample

• After using them for a while, they
felt like the products are a luxury and
are only to be bought with spare
money. They were only willing to
spend an additional $50 on average to
rent.

• Were ready to pay more than the
permanent participants but felt that
the products were expensive. They
were willing to pay an additional
$200 on an average to rent.

Security

• After understanding the working of
the products and reading up about
them while using, they felt like the
technology was very easy to hack and
gave the hacker a lot of control over
the house.

• They couldn’t perceive the extent
of security breach that might occur
with the products and were just
concerned about the lock being
automatic. Some felt that the
notification to the owner when
somebody opens the door makes it
safer.

Usability

• Many technical issues arose over the
20-day period, some of them easy but
time-consuming to fix, and some just
bugs that needed the product to be
restarted, which annoyed participants.

• Due to the temporary usage, they
did not encounter any technical
problems.

Cost

5.7

Summary Based on Product

Table 5 presents a product-based summary, developed by the researcher, to better
understand the short- and long-term response to products and the reason for them. The products
that work out for the long run are the ones that will succeed in the market in terms of sustaining
themselves till they are developed.
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Table 5 – Participants’ reactions to products
Product

Thermostat

Door Lock

Vacuum
Cleaner

Permanent Sample
• They appreciated the convenience of
remote access and eco usage but had
an issue with the auto scheduling.
• The door lock had Bluetooth
connectivity issues and drained their
phone battery. They found it
convenient at times but were
concerned it was a threat to security.
• This item is extremely useful and
time saving, but this particular brand
did not charge appropriately and kept
beeping constantly instead of
returning to the dock when it needed
to charge.

Temporary Sample
• They examined the app and were
impressed by its features.

• They loved the idea of phoneoperated locks and had mixed
opinions about security.

• They found this item fascinating
to watch but had their doubts about
how efficiently it works.

Wi-Fi Light

• The product used in this house was a
60-watt equivalent, which was
extremely dim as the only light in the
room. This caused all the responses to
this product to be bad. Outside this
issue, the participants felt that the light
switch was not too much of a task to
turn on and off either way.

Etekcity Plugs

• The plugs were left in the common
area for the participants to use them
on whatever they wanted. They did
not use them.

• There was no specific display for
the plugs except for the
explanation, and hence the
participants did not have an
opinion.

Amazon Echo
and Echo Dot

• The response was mixed. There was
a functionality and security concern.
The product was only used for a
portion of its functionality.

• The response was collectively
positive.

• The fact that Amazon Echo could
turn the light on and off, make it
dimmer or brighter, and change its
color was thoroughly enjoyed, and
all the participants explored its
features in awe.
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DISCUSSION, IMPLICATIONS, AND
RECOMMENDATIONS FOR THE FUTURE

6.1

Discussion

Our results confirm that there still are certain aspects of the automation that need to be
altered to cater to users. The conclusion we have arrived at from the responses is that the
technology in the experiment was not used by the participants prior to this experiment because
they had not dealt with it earlier and saw the investment as a financial risk. The survey-based
paper by Hirunyawipada and Paawan (2016) states that financial risk is a major deterrent. This
was demonstrated in the experiment, as people were enthusiastic about experiencing the
automation, as understood in the results, but would not have invested without seeing its worth for
themselves. Taking part in this experiment has given the participants insight into the
opportunities that automation holds for the home. The participants have had both positive and
negative experiences with automation. In this chapter, these experiences will be compared to
responses in the past to infer the change in situation and understand the similarities and
differences.
6.1.1

Cost
The paper “Value Based Home Automation for Today’s Market” claims that only high-

income groups can afford automation and that these groups are a minority (Greichen, 1992). This
statement does not apply in 2018, as there are products that are sold independently and, based on
the survey results, considered affordable by college students who do not fall into the highincome category. However, only some products, all priced under $50, were considered
affordable by the participants, and that does put a lot of other products out of the affordability
range of college students, as represented by the participants in this study.
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According to Mone (2014), change in price is a big factor that drives increase in usage. Brush
and colleagues’ (2011) orange house experiment has 5 of 31 participants claiming that cost was
their least favorite part of automation. From the results of this thesis, we know that the
permanent participants all expressed concern about affordability. In the experiment conducted by
Brush, participants complained about the $200 required to achieve basic functionality of fans and
lights and the large additional sum of money to add any more functionality (Brush et al., 2011).
Circumstances are different in the current market, as any desired function can be achieved
independently, which was appreciated by the participants of this thesis. All the permanent and
temporary participants were willing to pay a certain amount every month to be able to use the
automation, which suggests that they are interested in using the products without the risk of
investment and cost of maintenance.
6.1.2

Complexity, Manageability, and Functionality
Participants from Brush’s experiment commented that this technology is not for

everybody because of its complexity (Brush et al., 2014). Mone (2014) mentioned that the
complex nature of the usability of home automation is the reason that only a small sector of
society uses it. While people in the wealthy sector may outsource installation, maintenance is
always an issue, as problems might be frequent and can arise at any time (Mone, 2014). This,
however, does not hold true for the age group and the technology discussed in this thesis, as the
results demonstrate that participants found the equipment easy to understand and operate, even if
they initially called themselves non-tech savvy. However, the procedures required to reconnect
after a break in connection were considered a waste of time by the participants. Finley (2015)
said that even when products are made more user-friendly, there will always be a learning curve
to technology.
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In the paper “Inside a Smart Home,” an issue was reported about the lack of a manual
override for products like the washing machine, where it would take less time to press a button
after manually loading and unloading clothes than to operate it through a remote (Harper, 2003).
In this study, similar comments were made about the bedroom light switch by participant A. The
residents in Harper’s experiment found the music and media setup convenient initially but then
had a problem with multiple users overriding each other’s preferences (Harper, 2003). This
situation resonates with the issue in this thesis of multiple people in the house trying to set the
thermostat temperature. Everybody whose initial preference was overridden was unhappy with
multiple users in both Harper’s experiment and this thesis.
The other automation products, such as remote access to the microwave, bathtub, and
washing clothes and dishes, were found unnecessary as they involved physical prepping anyway
and would be easier to operate manually (Harper, 2003). Although these functions were not
available in the thesis conducted, the idea of participants not requiring remote access to certain
equipment is the same, based on the response to the Etekcity outlets, which required something
to be connected to them before they can be remotely switched on. For example, if a kettle or a
coffee maker is connected to the outlet, it still requires manual prepping before the coffee is
ready, and it needs to be on at a certain time. This sort of functionality was not considered very
helpful by the participants of this thesis.
Another issue came up in the experiment by Brush, which involved studying houses with
hardwired connections. There were a lot of complaints about not being able to move or to sell the
house for a reasonable price once connections were installed (Brush et al., 2014). In the current
thesis, the participants appreciated the flexibility of the equipment; they commented on the ease
of installing it and dismantling it to take with them.
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Participants from Bell and Kaye’s paper and Brush’s paper also had complaints about
lights suddenly going out and the remote not responding (Bell & Kaye, 2002; Brush et al., 2014).
The participants in the current thesis also recorded having trouble with the light and the vacuum
cleaner not responding and the Bluetooth not connecting to the door lock.
6.1.3

Security
According to the paper “Home Automation in the Wild,” security concerns arise when

remote access is introduced, as it is then susceptible to being hacked (Brush et al., 2014). There
were several instances in this experiment when the permanent participants expressed concerns
about network security. In Brush’s experiment, the IP address of the main computer could give
anybody access to the devices of the house, which included camera and alarm systems that could
be dismantled (Brush et al., 2014). The results of this thesis clearly declare the reservations that
the permanent participants had with using the voice assistant as a central system that could
control the door lock. The reservations were about the audio data being recorded and equipment
like the door lock being controlled by others, which is similar to the problems faced earlier. The
Wi-Fi–based system is secured using a basic security feature called end-to-end encryption, which
may be hacked (Khasawneh, 2015).
As we can see from the comparisons, home automation as a whole has improved in terms
of manageability and flexibility over the past few years, but cost, security, and reliability still
remain crucial barriers to the widespread adoption of home automation.

6.2

Implications

This section discusses the impact this particular study could have on reality. As discussed
in the earlier chapters, the beneficiaries may derive the following out of the results.
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6.2.1

On the Product Makers
The market sales of products do not tell us anything comprehensive about the products

that will be successful in the long run. The idea of using sci-fi technology in the house attracts
most users. But their reign is short-lived without functionality and proper use associated with it.
The products that are to be developed will succeed if companies concentrate on necessities rather
than luxuries. For example, vacuuming the house is a necessity, and it is a huge convenience to
have that chore be replaced, whereas switching on the light or opening a door does not take much
time or effort, so automating these is a luxury.
Security of the products is another major aspect. The safety of information and the
possibility of a breach need to be addressed in the design. Although this is optional for some
products like the thermostat or the lights, which are only at a risk of giving out data, other
devices like the voice assistant and the door lock are very important to secure.
6.2.2

For Rental Companies
There is a huge student population in every college, many of whom would like to live in

an automated space but cannot afford it and do not want the hassle of having to set it all up. A
tie-up with home rental companies to rent out equipment with apartments would ensure that the
rental company is more technologically advanced than its competition, and the equipment rentals
can make profits with very little rent increase if implemented on a large scale, which would
require huge investments. The rental companies in competition with each other will soon set
automation as the standard.
It is to be kept in mind that the products on the market and their prices are constantly
changing, so one must be vigilant in following the market before investing large amounts in
purchasing equipment, or must get the rental companies to sign a minimum three- or five-year
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rental contract before the purchase is made. Apart from this, there are many gaps in the process
where money can be made, such as installation and maintenance.

6.3

Post Thesis – Limitations

This thesis went through an intense review by the IRB because of the risk of vandalism
due to the temporary sample. The process went on for four months. Because of the delay in
approval the research time had to be cut down from 30 days to 20 days. There was also an issue
with coordination, because the house was rented from a rental company the installation had to
happen at their will and convenience with their permission which move the intended start date of
the experiment.

6.4

Conclusion

The findings discussed in the previous chapter and their comparison comprehensively
answer the research sub questions. To summarize the result to understand the overall experience,
the technology is being accepted with curiosity and initial enthusiasm, but a lot of its features are
only fun to use due to their novelty, and only the features that aid functionality are desirable in
the long run.
Does the user like or dislike home automation?
For the most part, the user likes it or does not mind having it around. It is in very rare
cases that the user particularly disliked an aspect of it.
Does the user think it is worth it?
The user looks at worth independently rather than as an entire system, and thus the worth
depends on the market price of the individual product. Out of the products that were used, the
thermostat and the robot vacuum were unanimously considered as worth the price. However,
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affordability is a parallel factor. The student population suggested that they would pay a good
amount of money monthly to use these services without having to invest in them all at once.
A novel find in this study would be the dissonance caused due to the testing sample being
roommates and not a family. The users had a difference in opinion on how the chose to use the
equipment which did not allow anybody to personalize the products according to their liking.
This study examined user attitudes towards the home automation technology that is
available in the market today. To answer this question, an experiment was conducted, and the
data from the experiment were used to understand how each of the samples responded to it in the
short term and the long term. From the two samples, one sample lived in the house for 20 days,
and the other sample visited for 20 minutes. The difference in opinion between the two was not
anticipated, and it brings certain ideas to light. This chapter concluded the findings on this study
and talked about the study’s implications in real life. This chapter also touched upon the
direction in which this research can be continued.

6.5

Recommendations for Future Research

Since this research based on the two samples suggests that a survey is not the most
accurate form of information in this field, a similar case study may be conducted on a wider
population for a longer duration with more products and different types of automation today to
see which one is preferred. Also, since we have established that cost, security, and reliability are
the barriers hindering adoption that are continuing, a survey may be conducted to understand the
hierarchy of these factors.
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APPENDIX B. OBSERVATIONS

Day 1
9:00 AM - The setup is just complete in terms of installing the equipment and connecting them
with their apps not he phone and interconnecting them with rest of the equipment. The
participants were involved in the process so they understand how to fix a technical disconnect
and basic introduction was given to them about the operation of the products.
2:00 PM - Researcher receives a text from person A exhibiting concern about Amazon Echo
being connected to the Door lock.
2:30 PM - Researcher disconnects the door lock.
6:00 PM - They seem enthusiastic about the new products. Everybody is not heir phones trying
to operate them through the apps.
10:00 PM
I received multiple notifications of opening and closing the door through person A’s account
looks like person A is examining the lock.
Day 2;
8:00 AM - Everybody is in the living room for breakfast. person C turned on the robot vacuum
using the remote and blocking its way with C’s foot to redirect it to his/her room and everybody
is watching.
7:00 PM - Person C turned the temperature up and person A turned the temperature slightly
down using their phone. Person C turned it back up again.
8:30PM - Person A turned the temperature down again.
Day 3:
11:00 AM - Person A walks into the living and kitchen, turns on the robot vacuum, tells Amazon
Echo to play music and starts cooking.
5:00 PM - Person B is eating on the dining table and asking Amazon Echo random questions.
9:00 PM - Participants A and B had some guests over and they showed †he guests some of the
products. They played music with Amaon Echo and played 20 questions with it.
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The Nest App shows multiple occasions of change in temperature back and forth.
Day 4:
9:00 AM - The Amazon Echo in the Living room was unplugged. The researcher re connected it.
6:30 PM - the researcher comes back home and finds the Echo in the living room disconnected
again. When she enquires in the group Participant A and B responded saying that they heard
from one the guests the previous night that the device records all conversations as it actively
listens for the wake word to be said. So they decided to unplug it when they don’t plan on using
it.
Day 5:
Participant A expressed concern to the researcher about the Wifi speed.
Day 6:
2:00 PM - The researcher observed that participant A had unlocked the door using the key
instead of using auto detection.
Day 7:
8:30 Am - participant C complained about the bluetooth connection not establishing with the
lock and having to use the key to unlock the house.
After enquiring with Participant A about the same issue it was observed that Participant A and b
and the researcher who used Apple phones had no problem establishing connection with the door
lock but participant C who used an Android phone had issues.
Day 8:
6:00 PM There was confusion about who was constantly changing the temperature when we
realised that the auto schedule option was turned on for the thermostat and it had learned our
behaviour through the first week and repeating the high and low temperatures generated due to
multiple people controlling it.
Day 9:
9:00PM - There was a lot of fidgeting with the thermostat through the day.
Day 10:
10:30AM - There was a beeping noise from the living room. The robot vacuum was making the
noise. It was not able to dock properly because of the uneven carpet. It was previously kept in
another location and changed to the new location for convenience.
The researcher changed the location back to original docking location.
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Day 11:
11:00 AM - The vacuum Cleaner was disconnected.
6:00 PM Participant A and B are cooking with music playing not the Echo in the kitchen.
Day 12:
Nothing out of the ordinary.
Day 13:
10:30 AM The researcher and the participants found a solution to the thermostat automatic change in the
thermostat temperature by locking it.
Day 14:
Nothing in particular is observed
Day 15:
8:00 AMParticipant C directed the robot vacuum to C’s room.
Day 16:
Nothing peculiar is observed
Day 17:
10:00 AM -The fans on the bottom of the robot vacuum which pick up dust by sweeping were
replaced by the researcher and participant c.
Day 18:
Nothing peculiar was observed
Day 19:
7:00 PM - The participants had guests at home who were upset about the end of the experiment
especially because of the Echo dot in the living area for its music.
Day 20:
5:00 PM - The uninstall was done with the help of the rental company people.

